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Oat aphids colonising
Spear wheat. The oat
aphid is the most
important aphid in the
spread of the vims.
Distinct patches of
ba.rley yellow dwarf
vims infection in a crop
of Dagger wheat.
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By Simon McKirdyand Roger Jones
Plant Virologists, Plant Protection Branch
South Perth
Worldwide, barley yellow dwarf virus (BYDV) is
the most widespread and damaging virus disease
of cereals. It infects wheat, barley, oats and
grasses and is transmitted by several aphid
species. The virus is not seed-borne and to persist
from one growing season to the next it must
survive in over-summering grasses.
Barley yellow dwarf virus decreases grain yield
and also causes shrivelled grain. Yield loss is
greatest from infection early in the growing
season.
The virus is a serious problem every year in
cereal crops in the southern and south-west
agricultural areas more than 500 mm ofrain). In
epidemic years, such as 1990 and especially
1992, BYDV was widespread in cereal crops from
Geraldton to Esperance in both high and medium
rainfall zones of the wheatbelt
Use of the Ell.SA (enzyme-linked immunosorbent
assay) test for BYDV in surveys revealed that the
disease is much more widespread than was
previously recognised. The symptoms of BYD\'yeliouiing. reddening and/or striping of leaves have been confused with those of nutrient
deticienctes and waterlogging.
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Barley yellow dwarf
virus infection is often
seen on plants at the
edges of the crop, as in
this oats crop.

The virus
Barley yellow dwarf virus infects all cereals
and many grasses. It only survives in living
tissue; it cannot survive in stubble or in the
soil. The virus particles are spherical and can
only be seen with an electron microscope.
Infection in the plant is restricted to the
conducting tissue (phloem).
Barley yellow dwarf virus is transmitted by
aphids from plant to plant and is not seedborne. Once an aphid acquires the virus after
feeding on the phloem of an infected plant, it
will continue to transmit the virus for its
entire life.
Four distinct strains of BYDV have been
identified in Western Australia. These differ in
the efficiencies by which they are transmitted
by different species of the aphid vector and,
to some extent, in the severity of the damage
caused.
In Western Australia, the virus is spread
mainly by the oat (Rhopalosiphum pad,) and
the corn leaf (Rhopa/osiphum maidis) aphids.
The oat aphid is the most important; it feeds
on wheat, barley, oats and grasses. The corn
leaf aphid usually only feeds on barley and
some grasses. Other minor aphid vectors of
BYDV present in Western Australia include
the grain aphid (Sitobion spp.) and two cereal
root aphids (Rhopalosiphum insertum and
Rhopalosiphum rufiabdominalis).

Vrrus spread
In the Mediterranean environment of the
south-west of Western Australia, BYDV
survives the hot summer months mainly in
perennial grasses that persist in roadside
ditches or at the edges of creeks or rivers.
However, grasses surviving in soaks or

he ELISA test for plant viruses uses an enzyme, linked to an
antibody, to detect virus particles in plant sap. When virus
particles are present in a plant sample, the linked enzyme
causes the test solution to change from clear to coloured.
The technology provides a simple, visual means of detecting
barley yellow dwarf virus in plant samples. It can be used to
test large numbers of samples.
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swamps and in irrigated pastures are also hosts.
Perennial grasses also harbour the aphid vectors
over summer.
During the subsequent growing season flights of
winged aphids from grasses then spread BYDV
to cereal crops. Aphids migrate into cereal crops
mainly in autumn and spring, the extent of the
autumn flight being particularly important
because early infection reduces crop yields
severely.
Over-summering grasses were surveyed for
BYDV in 1990 and 1992. On the basis of ELISA
test results, the four most important grass
species that act as 'reservoirs' for BYDV in the
south-west are kikuyu grass, paspalum grass,
couch grass and African lovegrass. All are
perennial grasses. Kikuyu is the most important,
and more than half the samples of kikuyu grass
collected were infected.
Barley yellow dwarf virus is first introduced to
the crop by winged aphids flying in from the
outside. These aphids create primary foci of
infection. Wingless progeny of the original
winged aphids spread the disease further outwards from the primary foci of infection. As a
result, patches of BYDV infection develop that
gradually expand as the season progresses.
Patches tend to develop first on the edges of the
crop and are often seen in waterlogged areas.
When the level of infection is high, patches
merge, resulting in infection of the entire crop.
Symptoms
Symptoms of BYDV can be confused with those
caused by nutrient deficiencies, waterlogging or
other plant stresses that cause yellowing, reddening and striping of leaves. The importance of
the disease has been underestimated in the past
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Table 1. Grain yield reductions caosed by barley
yellow dwarf virus infection in wheat
Variety

% reduction

Dagger

62
67
66
37

Garn en ya
Spear
Cadoux

owing to this misdiagnosis. The association of
such symptoms with infection, and the widespread occurrence of infection, were revealed
in a survey of cereal crops in 1990 using ELISA.
Leaf symptoms differ between wheat, oats and
barley. The severity depends on the age of the
plant at infection, environmental conditions
and the strain of BYDV. There are also varietal
differences; sensitive varieties develop distinct
symptoms while tolerant ones show mild or no
symptoms when infected.
Wheat

Infected wheat plants develop a slight to severe
yellowing or striping between veins (interveinal
chlorosis) in young leaves. Leaf tips can also
die (necrosis). Reddening of the leaf tips
(particularly the flag) can often be seen and is
the most characteristic symptom of BYDV
infection in wheat.
If a sensitive variety is infected before tillering,
the plant is usually stunted, has fewer tillers
and more sterile heads. Grain matures early,
yield is greatly reduced and grain is shrivelled.
Effects are milder with a late infection.

Characteristic reddening
of flag leaf caused by
barley yellow dwarf virus
infection of wheat.

Barley

In barley, infection causes a characteristic
bright yellowing of the leaves (particularly
older leaves), pale yellow stripes between the
leaf veins (interveinal chlorosis) and chlorotic
blotching of young leaves. In some varieties,
reddening of leaf tips also develops.

•

Early-infected barley plants are stunted and
produce low grain yields and shrivelled grain.
Tillering can be stimulated by infection, but
most tillers then develop poorly and produce
sterile heads. Plants infected after tillering have
milder symptoms and yields are less severely
affected.
Oats

In oats, the symptoms of BYDV infection are
very striking. Most varieties develop reddening
(crimson-pink) of the leaves from the tips
down, which sometimes begins as blotching
especially on older leaves. Young leaves are
often striped (interveinal chlorosis). However,
some varieties only develop a yellow/orange
coloration.
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FAR LEFT: Barley yellow
dwarf virus infection of
barley causes yellowing
of older leaves and
stunting of the plant.

•

Figure 1. Effect of strategic
applications of Pirimor
(300 g/ha in 200 L water)
on barley yellow dwarf
vims infection in Corrigin
wheat.
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problem restricted to high rainfall zones of the
wheatbelt. Epidemics of BYDV broke out in 1985,
1987, 1990 and 1992.
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Figure 2. Effect of
strategic winter
applications of Pirimor
in increasing the grain
yield of Stirling barley by
decreasing barley yellow
dwarf vims infection.
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Stunting, an increase in sterile tillers, or
abortion of florets result in low grain yields
and shrivelled grain. As in wheat and barley,
early infection of plants causes the most
damage.
Grasses
There are no obvious symptoms of BYDV
infection in many grasses for example kikuyu
grass. However, some grasses (for example,
annual and perennial ryegrasses) may develop reddening or purpling of leaf tips while
others (for example, Phalaris) may develop
yellowing of older leaves.
Epidemics
Except in the southern and south-western
agricultural areas where it is a problem every
year, BYDV has usually only been a sporadic
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In 1990 and 1992, the virus was detected in
August to early September in cereal crops from
Geraldton to Esperance and was present in both
medium and high rainfall zones of the wheatbelt.
Very severe outbreaks were observed in wheat,
barley and oats in the Katanning, Albany,
Manjimup, Jerramungup, Moora and Esperance
regions, with more than half the plants infected
in many crops. Highest levels of infection were
found in early sown crops.
The widespread BYDV epidemics of 1990 and
1992 can be attributed to wet summers followed
by mild winters. Wet summers encouraged the
summer growth of grasses, and this increased
the carry-over of BYDV and of aphids. Aphids
building up on infected grasses in autumn spread
the virus extensively to cereals. The mild winters
also favoured a big increase in cereal aphid
populations within crops, which resulted in
widespread BYDV infection.
Yield losses
Barley yellow dwarf virus infection is most
serious in cereal crops when plants become
infected before tillering. In sensitive cereal
varieties, where the entire crop is infected soon
after sowing, yields of wheat, barley and oats can
fall by up to 80 per cent. Moreover, the amount
of shrivelled grain increases, and this can affect
marketable yield. If the crop is infected late, yield
may be reduced by only 10 to 20 per cent.
Trials with wheat in Western Australia have
shown that yield losses caused by BYDV infection vary greatly between varieties depending on

their tolerance or susceptibility to the virus.
Yields of sensitive varieties were reduced by up
to 67 per cent. Table 1 lists grain yield reductions for four varieties of wheat. Similar losses
develop in barley and oats.
Control
The best way to control BYDV is to plant
tolerant varieties and to use appropriate
management strategies.
Sow tolerant varieties
Sowing tolerant varieties is the most effective
method of reducing losses caused by BYDV.
Table 2 lists the BYDV sensitivity/tolerance
ratings of wheat and barley varieties sown in
Western Australia. Among the recommended
wheat varieties for 1993, Cranbrook, Eradu and
Tincurrin have good tolerance to BYDV.
Recommended barley varieties known to have
good levels of tolerance include Franklin and
Moondyne. Both Franklin and Moondyne are
being used extensively in the Department of
Agriculture's barley breeding program to
develop new varieties with high levels of
tolerance to BYDV.

Oat varieties Kalgan and Mortlock have shown
good tolerance to BYDV.

•

Reddening of oat leaves
from the tip down caused
by barley yellow dwarf
virus. Inset shows
striping of young leaves.

Varietal reactions - how easily varieties become infected and what effect the virus has on
yield - of recommended varieties of wheat,
barley and oats for Western Australia, are
under investigation.
Avoid sowing sensitive varieties
To minimise losses from BYDV, sensitive
varieties should preferably not be sown in
areas prone to BYDV. Sensitive varieties
include Spear, Dagger, Corrigin and Gamenya
wheats; Beecher, Clipper and O'Connor barleys; and Dalyup and West oats.
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Table 3. Barley yellow dwarf virus infection levels
and grain yields of Spear wheat by date of sowing

1 May
18May
2June
16 June

%BYDV

Grain yield (kg/ha)

100
86

632
1591
1556
1629

35
30

Stubble retention and direct drilling

Stubble retention and direct drilling can be
useful in deterring aphid migration into cereal
crops before tillering.
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Use insecticides

Strategic applications of insecticides can be
Figure 3. Effect of time of used against the aphids that carry BYDV to
sowing on barley yellow reduce its spread. Insecticides are most costdwarf vims epidemic in
effective on long season varieties when
Spear wheat.
potential yields are high, and when the
insecticide is applied in winter, soon after the
autumn flight of aphids is over.
Our research has shown that strategic applications of Pirimor in July and/or August
decreased BYDV spread (see Figure 1) and as
a result increased grain yield (see Figure 2).
Strategic application of insecticides in July
and August, when aphids are first seen building up in crops, is strongly recommended for
early sown cereal crops in the southern and
south-west agricultural areas.
In Europe, a single strategic spray of synthetic
pyrethroids in winter is used successfully to
minimise BYDV spread. The use of
pyrethroids for control of BYDV will be
evaluated in Western Australia, starting in
1993.
Delay sowing

Delayed sowing avoids the autumn peak of
cereal aphid activity and reduces the incidence of BYDV (see Figure 3). In a high BYDV
risk area, delaying sowing from early May to
early June lessened the spread of BYDV, and
highest yields were obtained with the latest
time of sowing (see Table 3). Delaying sowing
generally reduces yields, and this loss must
be balanced against the benefit of lower
incidences of BYDV.

Work in Britain has shown that direct drilling
barley instead of ploughing reduced the level of
BYDV infection from more than 40 per cent to
less than 3 per cent. Non-inversion tillage resulted in a BYDV infection level of 9 to 24 per
cent. Retention of stubble also reduced the level
of BYDV infection.
Initial results from similar experiments in Western Australia have been variable. The effectiveness of direct drilling and stubble retention may
depend on soil type and colour. Aphids flying in
to a crop may not be able to differentiate between green plants and a dark red loamy soil,
whereas they may be able to differentiate plants
on a grey sand. Further experiments starting in
1993 will evaluate the effects of different soils.
Removal of perennial grasses

Spraying out perennial grasses near cereal
paddocks before seeding may reduce the source
of infection, but this would usually be impracticable.
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